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Partonic flow and ¢-meson production in Au+Au collisions at ,/syy = 200 GeV

B.I. Abelev,” M.M. Aggarwal,®® Z. Ahammed,*® B.D. Anderson,?° D. Arkhipkin,'® G.S. Averichev,'?
Y. Bai,?® J. Balewski,'” O. Barannikova,’ L.S. Barnby,? J. Baudot,'® S. Baumgart,’® V.V. Belaga,'?

A. Bellingeri-Laurikainen,? R. Bellwied,*® F. Benedosso,?® R.R. Betts,” S. Bhardwaj,?® A. Bhasin,'” A.K. Bhati,3°
H. Bichsel,*” J. Bielcik,?® J. Bielcikova,?® L.C. Bland,® S-L. Blyth,??> M. Bombara,? B.E. Bonner,3¢ M. Botje,2®
J. Bouchet,*® A.V. Brandin,?® A. Bravar,> T.P. Burton,? M. Bystersky,'' R.V. Cadman,' X.Z. Cai,?® H. Caines,*®
M. Calderén de la Barca Sanchez,% J. Callner,” O. Catu,’® D. Cebra,® Z. Chajecki,?® P. Chaloupka,'!

S. Chattopadhyay,*® H.F. Chen,?® J.H. Chen,? J.Y. Chen,* J. Cheng,** M. Cherney,'® A. Chikanian,*°
W. Christie,® S.U. Chung,? J.P. Coffin,'® T.M. Cormier,*® M.R. Cosentino,?” J.G. Cramer,*” H.J. Crawford,’
D. Das,* S. Dash,'® M. Daugherity,*?> M.M. de Moura,?” T.G. Dedovich,'? M. DePhillips,®> A.A. Derevschikov,>?
L. Didenko,® T. Dietel,'* P. Djawotho,'!” S.M. Dogra,'® X. Dong,?? J.L. Drachenberg,*! J.E. Draper,® F. Du,*®
V.B. Dunin,'? J.C. Dunlop,®> M.R. Dutta Mazumdar,*> V. Eckardt,?* W.R. Edwards,?? L.G. Efimov,?

V. Emelianov,?% J. Engelage,® G. Eppley,3 B. Erazmus,*® M. Estienne,'® P. Fachini,® R. Fatemi,?® J. Fedorisin,'?
A. Feng,*® P. Filip,'® E. Finch,’° V. Fine,® Y. Fisyak,® J. Fu,*® C.A. Gagliardi,*! L. Gaillard,> M.S. Ganti,*®
E. Garcia-Solis,” V. Ghazikhanian,” P. Ghosh,*® Y.G. Gorbunov,'® H. Gos,*® O. Grebenyuk,?® D. Grosnick,**
B. Grube,?* S.M. Guertin,” K.S.F.F. Guimaraes,?” N. Gupta,'® B. Haag,® T.J. Hallman,> A. Hamed,*!

J.W. Harris,”® W. He,'” M. Heinz,>® T.W. Henry,*' S. Heppelmann,?!' B. Hippolyte,'® A. Hirsch,?® E. Hjort,??
A.M. Hoffman,?®* G.W. Hoffmann,*?> D.J. Hofman,” R.S. Hollis,” M.J. Horner,?? H.Z. Huang,” E.W. Hughes,*
T.J. Humanic,?® G. Igo,” A. Iordanova,’ P. Jacobs,?> W.W. Jacobs,'” P. Jakl,'! F. Jia,?! P.G. Jones,? E.G. Judd,®
S. Kabana,?® K. Kang,*® J. Kapitan,'! M. Kaplan,® D. Keane,?® A. Kechechyan,'? D. Kettler,*” V.Yu. Khodyrev,3?
B.C. Kim,** J. Kiryluk,?? A. Kisiel,*6 E.M. Kislov,'? S.R. Klein,?> A.G. Knospe,’® A. Kocoloski,?® D.D. Koetke,**
T. Kollegger,'* M. Kopytine,?® L. Kotchenda,?® V. Kouchpil,'' K.L. Kowalik,?? P. Kravtsov,2® V.I. Kravtsov,32
K. Krueger,! C. Kuhn,'® A.I. Kulikov,'? A. Kumar,>® P. Kurnadi,” A.A. Kuznetsov,'? M.A.C. Lamont,°
J.M. Landgraf,® S. Lange,'* S. LaPointe,*® F. Laue,® J. Lauret,®> A. Lebedev,? R. Lednicky,'? C-H. Lee,?*

S. Lehocka,'? M.J. LeVine,? C. Li,?® Q. Li,*® Y. Li,** G. Lin,*® X. Lin,* S.J. Lindenbaum,?” M.A. Lisa,? F. Liu,*’
H. Liu,?® J. Liu,?® L. Liu,* T. Ljubicic,> W.J. Llope,®® R.S. Longacre,> W.A. Love,? Y. Lu,* T. Ludlam,?

D. Lynn,? G.L. Ma,*® J.G. Ma,” Y.G. Ma,?® D.P. Mahapatra,'® R. Majka,’® L.K. Mangotra,'® R. Manweiler,**
S. Margetis,?? C. Markert,*? L. Martin,*® H.S. Matis,?? Yu.A. Matulenko,?? C.J. McClain,' T.S. McShane,'°
Yu. Melnick,??> A. Meschanin,?? J. Millane,?* M.L. Miller,2® N.G. Minaev,?? S. Mioduszewski,*" C. Mironov,?°
A. Mischke,?® J. Mitchell,>® B. Mohanty,?? D.A. Morozov,>?> M.G. Munhoz,3” B.K. Nandi,'® C. Nattrass,*°
T.K. Nayak,* J.M. Nelson,? C. Nepali,?® P.K. Netrakanti,*® L.V. Nogach,3? S.B. Nurushev,*? G. Odyniec,??

A. Ogawa,® V. Okorokov,26 M. Oldenburg,?? D. Olson,?? M. Pachr,'! S.K. Pal,*> Y. Panebratsev,'? A.I. Pavlinov,*®
T. Pawlak,*0 T. Peitzmann,?® V. Perevoztchikov,? C. Perkins,” W. Peryt,*6 S.C. Phatak,'® M. Planinic,' J. Pluta,*6
N. Poljak,”! N. Porile,?* A.M. Poskanzer,?> M. Potekhin,? E. Potrebenikova,'? B.V.K.S. Potukuchi,' D. Prindle,*”
C. Pruneau,*® J. Putschke,??2 I.A. Qattan,'” R. Raniwala,?® S. Raniwala,?® R.L. Ray,*? D. Relyea,* A. Ridiger,2°
H.G. Ritter,?2 J.B. Roberts,?® O.V. Rogachevskiy,'? J.L. Romero,® A. Rose,?? C. Roy,*® L. Ruan,??> M.J. Russcher,?®
R. Sahoo,'® 1. Sakrejda,?? T. Sakuma,?? S. Salur,’® J. Sandweiss,”® M. Sarsour,*! P.S. Sazhin,'? J. Schambach,*?
R.P. Scharenberg,®® N. Schmitz,2? J. Seger,'® 1. Selyuzhenkov,*® P. Seyboth,?* A. Shabetai,'® E. Shahaliev,'?
M. Shao,?® M. Sharma,?® W.Q. Shen,?® S.S. Shimanskiy,'? E.P. Sichtermann,?? F. Simon,?® R.N. Singaraju,*
N. Smirnov,’® R. Snellings,?® P. Sorensen,? J. Sowinski,'” J. Speltz,'® H.M. Spinka,' B. Srivastava,®? A. Stadnik,'?
T.D.S. Stanislaus,** D. Staszak,” R. Stock,'* M. Strikhanov,2® B. Stringfellow,?> A.A.P. Suaide,>” M.C. Suarez,’
N.L. Subba,?® M. Sumbera,'’ X.M. Sun,?? Z. Sun,?! B. Surrow,?® T.J.M. Symons,??> A. Szanto de Toledo,?”

J. Takahashi,?” A.H. Tang,® T. Tarnowsky,>* J.H. Thomas,?? A.R. Timmins,?> S. Timoshenko,?% M. Tokarev,'?
T.A. Trainor,*” S. Trentalange,” R.E. Tribble,*' O.D. Tsai,” J. Ulery,® T. Ullrich,® D.G. Underwood,! G. Van
Buren,® N. van der Kolk,?® M. van Leeuwen,?? A.M. Vander Molen,?® R. Varma,'% .M. Vasilevski,'®> A.N. Vasiliev,3?
R. Vernet,'® S.E. Vigdor,'” Y.P. Viyogi,'® S. Vokal,'? S.A. Voloshin,*® W.T. Waggoner,'® F. Wang,*3 G. Wang,”
J.S. Wang,?! X.L. Wang,?® Y. Wang,*3 J.W. Watson,? J.C. Webb,** G.D. Westfall,?> A. Wetzler,?? C. Whitten
Jr.,” H. Wieman,??> S.W. Wissink,'” R. Witt,° J. Wu,3® Y. Wu,*® N. Xu,?? Q.H. Xu,?? Z. Xu,? P. Yepes,?¢
I-K. Y00,%* Q. Yue,*® V.I. Yurevich,'> W. Zhan,?! H. Zhang,> W.M. Zhang,?° Y. Zhang,?® Z.P. Zhang,®
Y. Zhao,*® C. Zhong,®® J. Zhou,?® R. Zoulkarneev,'? Y. Zoulkarneeva,'® A.N. Zubarev,'? and J.X. Zuo*®

(STAR Collaboration)

! Argonne National Laboratory, Argonne, Illinois 60439


http://arXiv.org/abs/nucl-ex/0703033v1

?University of Birmingham, Birmingham, United Kingdom
I Brookhaven National Laboratory, Upton, New York 11973
4 California Institute of Technology, Pasadena, California 91125
S University of California, Berkeley, California 94720
®University of California, Davis, California 95616
" University of California, Los Angeles, California 90095
8 Carnegie Mellon University, Pittsburgh, Pennsylvania 15213
9 University of Illinois at Chicago, Chicago, Illinois 60607
10 Creighton University, Omaha, Nebraska 68178
" Nuclear Physics Institute AS CR, 250 68 Rei/Prague, Czech Republic
2Laboratory for High Energy (JINR), Dubna, Russia
3 Particle Physics Laboratory (JINR), Dubna, Russia
4 University of Frankfurt, Frankfurt, Germany
5 Institute of Physics, Bhubaneswar 751005, India
S Indian Institute of Technology, Mumbai, India
" Indiana University, Bloomington, Indiana 47408
18 Institut de Recherches Subatomiques, Strasbourg, France
1 University of Jammu, Jammu 180001, India
20Kent State University, Kent, Ohio 44242
! Institute of Modern Physics, Lanzhou, China
2 Lawrence Berkeley National Laboratory, Berkeley, California 94720
23 Massachusetts Institute of Technology, Cambridge, MA 02139-4307
?4 Magz-Planck-Institut fiir Physik, Munich, Germany
5 Michigan State University, Fast Lansing, Michigan /8824
26 Moscow Engineering Physics Institute, Moscow Russia
?7City College of New York, New York City, New York 10031
*SNIKHEF and Utrecht University, Amsterdam, The Netherlands
?9Ohio State University, Columbus, Ohio 43210
30 panjab University, Chandigarh 160014, India
3 pennsylvania State University, University Park, Pennsylvania 16802
# Institute of High Energy Physics, Protvino, Russia
3 Purdue University, West Lafayette, Indiana 47907
% Pusan National University, Pusan, Republic of Korea
3 Undversity of Rajasthan, Jaipur 302004, India
3 Rice University, Houston, Texas 77251
I Universidade de Sao Paulo, Sao Paulo, Brazil
38 University of Science & Technology of China, Hefei 230026, China
39 Shanghai Institute of Applied Physics, Shanghai 201800, China
“SUBATECH, Nantes, France
H Texzas AEGM University, College Station, Texas 77843
42 University of Texas, Austin, Texas 78712
43 Tsinghua University, Beijing 100084, China
“ Valparaiso University, Valparaiso, Indiana 46383
4% Variable Energy Cyclotron Centre, Kolkata 700064, India
SWarsaw University of Technology, Warsaw, Poland
47 University of Washington, Seattle, Washington 98195
S Wayne State University, Detroit, Michigan 48201
49 Institute of Particle Physics, CCNU (HZNU), Wuhan 430079, China
50Yale University, New Haven, Connecticut 06520
51 Ungversity of Zagreb, Zagreb, HR-10002, Croatia
(Dated: February 4, 2008)

We present first measurements of the ¢-meson elliptic flow (v2(pr)) and high statistics pr distri-
butions for different centralities from /syy = 200 GeV Au+Au collisions at RHIC. In minimum
bias collisions the vs of the ¢ meson is consistent with the trend observed for mesons. The ratio
of the yields of the 2 to those of the ¢ as a function of transverse momentum is consistent with
a model based on the recombination of thermal s quarks up to pr ~ 4 GeV/c, but disagrees at
higher momenta. The nuclear modification factor (Rcp) of ¢ follows the trend observed in the K g
mesons rather than in A baryons, supporting baryon-meson scaling. Since ¢-mesons are made via
coalescence of seemingly thermalized s quarks in central Au+Au collisions, the observations imply
hot and dense matter with partonic collectivity has been formed at RHIC.

PACS numbers:



The primary aim of ultra-relativistic heavy-ion colli-
sions is to produce and study a state of high-density
nuclear matter called the Quark-Gluon Plasma (QGP),
the existence of which is supported by lattice QCD cal-
culations [1, 2, 3]. In the search for this new form
of matter, penetrating probes are essential in order to
gain information from the earliest stage of the collisions.
Phenomenological analysis M] has suggested a relatively
small hadronic interaction cross section for ¢-mesons al-
though discussions about the ¢—proton interaction cross
section are yet to be conclusive ﬂa, ] Therefore ¢-mesons
from high-energy nuclear collisions are expected to pro-
vide information about the early partonic stages of the
system’s evolution since they should remain mostly unaf-
fected by hadronic interactions. This is further supported
by recent measurements ﬂ] which have ruled out the idea
of ¢-meson production by kaon coalescence.

Elliptic flow, vy, is an observable which is thought to
reflect conditions from the early stage of the collision
ﬂg, @] In non-central heavy-ion collisions, the initial spa-
tial anisotropy of the overlap region of the colliding nuclei
is transformed into an anisotropy in momentum space
through interactions between the particles. Systematic
measurements of the v for the strange hadrons Kg, A,
= and 2 suggest that collectivity is developed at the par-
tonic stage at RHIC ﬂE, ] The evidence for partonic
collectivity, one of the conditions for QGP formation, will
be further strengthened if it can be shown that ¢-mesons
flow like the other mesons.

A mass ordering predicted by hydrodynamics ﬂﬁ, 13,
[14] for va(pr) of identified particles has been observed
for pr < 2 GeV/c. At intermediate transverse momen-
tum, 2 < pr < 5 GeV/c, a separation of baryons and
mesons has been observed in measurements of both vs
and the nuclear modification factor, Rcp ﬂl_lL 17, @]
These results are consistent with calculations from quark
recombination models ﬂﬂ, 18, [19, ] implying the de-
confinement of the system prior to hadronization. The
¢ is a vector meson, comparable in mass to the proton
and A baryons with a relatively long lifetime. Its vo and
Rep will provide a critical test of the assumed underly-
ing dynamics. In addition, as argued in ﬂﬂ], the ratio
of the Q-baryon over ¢-meson yields can be used to test
the nature of light-quark thermalization in the medium.
The model predicts that the ratio of the Q to ¢ yields
will rise monotonically.

The results presented in this paper were obtained with
the STAR detector [22] at the Relativistic Heavy Ion
Collider (RHIC) at Brookhaven National Laboratory.
The detector components used in this analysis were the
Time Projection Chamber (TPC), and trigger detectors,
namely the zero degree calorimeters. Central collisions
were selected using the Central Trigger Barrel. The col-
lision centrality was determined by the charged hadron
multiplicity within pseudo-rapidity |n| < 0.5.

High-statistics Au+Au data were taken in the 2004
run at /syn = 200 GeV. The minimum bias dataset
used in this analysis consisted of ~13.5 million events and

the central-triggered dataset comprised about 10 million
events. Events were required to have a primary vertex
z position (where z is the direction of the beam axis)
within 30 cm of the center of the TPC. Events from the
minimum bias dataset were divided into 8 centrality bins:
0-10%, 10-20%, 20-30%, 30-40%, 40-50%, 50-60%, 60-
70%, and 70-80% of the measured cross-section. The
central-triggered dataset was used to extract the 0-5%
and 0-12% data.

The ¢ yield in each pr bin was extracted from the
invariant mass (Mg, ) distributions of K™ + K~ candi-
dates after subtraction of combinatorial background esti-
mated using event mixing ﬂﬂ] The kaons were identified
through their dE/dz energy loss in the STAR TPC [22].
Including the detector resolution, the values of the recon-
structed ¢ mass and width are consistent with the PDG
values ﬂﬁ] The relative systematic uncertainty due to
the dE /dx cut was estimated to be ~ 8% by using differ-
ent cuts and comparing the yields after a particle identi-
fication efficiency correction. Uncertainty in the residual
background shape of the m;,, distributions resulted in
a contribution of about 4.5% to the errors on the final
yields.

The ¢-meson vy results were obtained using the vy vs.
Min, Mmethod described in ref. ﬂﬂ” The method involves
calculating the vy of the same-event distribution as a
function of My, and then fitting the resulting va(miny)
distribution using;:

V2 (Miny) = V25(Miny) + V2B (Miny)[1 — a(Miny)] (1)

where vog = vg4 is the signal ve and vop is the back-
ground va. a(min,) = S/(S+ B) is the ratio of the signal
over the sum of the signal plus background of the m;,,
distributions. It was extracted from fits (Breit-Wigner
plus a linear function) to the ¢ mass-peak for each pp
bin. For each pr bin, the va(myn,) was fitted using Eq. [l
in order to extract the fitting parameter vog and vop
was parameterized using a linear or quadratic function
in Mjn,. These results are consistent with results using
an established method ﬂg] where the ¢-meson yield is
plotted as a function of the difference between its az-
imuthal angle and the estimated reaction plane angle,
(¢ — ¥). The values of vy are extracted from the fitting
to the function dN/d¢p = Py(1 + 2vz cos(2(¢p — ¥))).

In the top panel of Fig. Il we present the first mea-
surement of the differential elliptic flow, va(pr), of the
¢-meson from Au+Au collisions for four centrality bins.
In this and the following figures, the vertical error bars
on the ¢ data points indicate the statistical errors while
the shaded bands indicate the extent of the systematic
uncertainties. The systematic errors vary from point to
point including uncertainties in extracting the signal for
obtaining a(m;,,) and differences in the reaction plane
resolution determination. For minimum bias collisions,
an additional contribution to account for the different
methods of extracting the v2(pr) values is also included
in the systematic error. Non-flow effects [26, 27] are not
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FIG. 1: (color online) Top panel: The elliptic flow, v2(pr),
for the ¢-meson as a function of centrality. The vertical
error bars represent the statistical errors while the shaded
bands represent the systematic uncertainties. For clarity,
data points are shifted slightly. Bottom panel: Minimum
bias v2(pr) for the ¢-meson compared to results for A and
K2 Iﬂ] The dashed and dotted lines represent parameteriza-
tions inspired by number-of-quark scaling ideas from ref. m]
for NQ=2 and NQ=3 respectively.

included in the systematic error. As expected, v (pr) in-
creases with increasing eccentricity (decreasing central-
ity) of the initial overlap region. This trend is also illus-
trated in Table[[] which presents the pr-integrated values
of ¢-meson elliptic flow, (v3), calculated by convoluting
the v (pr) with the respective pr spectrum for three cen-
trality bins. It should be noted that the centrality depen-
dence of the (v2) of ¢-mesons is consistent with that of
charged hadrons [27].

TABLE I: Integrated elliptic flow, (v2), for the ¢-meson for
three centrality bins.

Centrality (%) (v2) (%)
10 - 80 55 0
10 - 40 66 3
0-5 2.1 iéﬁi(i’;‘lﬁ)

The lower panel of Fig. [ shows the minimum
bias (0-80%) result compared to parameterizations for
number-of-quark scaling for mesons (NQ=2) and baryons

(NQ=3) whose free parameters have been fixed by fit-
ting to the A and K9 results simultaneously @] In this
case, for pr < 2 GeV/¢, the ¢ vy follows a mass-ordered
hierarchy where the values of vy, within errors, fall be-
tween those of the heavier A (open circles) and lighter
K2 (open-squares). However, at intermediate pr, be-
tween 2-5 GeV/c, the ¢ vo appears to follow the same
trend as K2. When we fit the va(pr) of ¢-mesons with
the quark number scaling ansatz Nﬁ], the resulting fit pa-
rameter NQ = 2.34+0.4. The fact that the ¢ va(pr) is the
same as that of other mesons indicates that the heavier s
quarks flow as strongly as the lighter v and d quarks. As
previously mentioned, ¢-mesons are not formed through
kaon coalescence ﬂ] and do not participate strongly in
hadronic interactions. Therefore the results demonstrate
partonic collectivity.

Figure 2] shows the pp distributions of ¢-mesons as
a function of centrality. The central-triggered dataset
was used to obtain the most central spectrum while the
other distributions were obtained using the minimum
bias dataset. The error bars shown in Fig. [2 are sta-
tistical only. In the figure, the errors are smaller than
the size of the data points.
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FIG. 2: (color online) Transverse momentum distributions of
¢-mesons from Au+Au collisions at /syny = 200 GeV. For
clarity, distributions for different centralities are scaled by
factors of ten. Dashed lines represent the exponential fits to
the distributions and the dotted lines are Levy function fits.
Error bars represent statistical errors only.

Each pr spectrum in Fig. 2 has been fitted using
both an exponential function (dashed lines) in mp and
a Levy function (dotted lines) which has an exponential-
like shape at low pr and is power-law-like at higher pr.
While the central data are fitted equally well by both
functions the more peripheral spectra are better fitted
by the Levy function indicating less thermal contribu-



tions in peripheral collisions.
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FIG. 3: (color online) The N(§)/N(¢) ratio vs. pr for three
centrality bins in \/snynv = 200 GeV Au+Au collisions. The
solid and dashed lines represent recombination model predic-
tions for central collisions ﬂ2_1|] for total and thermal contribu-
tions, respectively.

In Fig.[3 the ratios of N(Q2)/N(¢) vs. pr are presented
as a function of centrality. The Q datapoints are from
ref. [29] (for 0-10%) and ref. [30] for the other central-
ities. The errors of the ratios are dominated by the 2
datapoints. Also shown in the figure are recombination
model expectations for central collisions ] based on ¢
and () production from coalescence of thermal s quarks in
the medium. The model describes the trend of the data
up to pr ~ 4 GeV/c but fails at higher pp. Other mod-
els based on dynamical recombination of quarks |19, @}
were also compared to the data. However, ref. |19] over-
predicts the ratio while ref. ﬂ3__1|] gives the wrong shape.
With decreasing centrality, the observed N()/N(¢) ra-
tios seem to turn over at successively lower values of pp
indicating a smaller contribution from thermal quark co-
alescence in more peripheral collisions. This is also re-
flected in the smooth evolution of the spectra shapes from
the thermal-like exponential to power-law shapes shown
in Fig.

The nuclear modification factor Rop(pr) measures the
change of pr distributions from peripheral to central col-
lisions and has been measured for most of the identified
hadrons. In Fig.Hl the high statistics ¢-meson R p (solid
circles) is compared to K2 (open triangles) and A (open
squares) from ref. [11] for two different centrality com-
binations (upper and lower panels). In both panels the
binary-scaled yield of ¢-mesons is suppressed (Rcp below
unity) in central compared to peripheral collisions. It has
been shown that u, d and s quarks are approaching equili-
bration at hadronization @} The ¢-meson Rcp is more
consistent with that of K2 (meson) than of A (baryon) for
the 0-5%/40-60% case (upper panel). This is as predicted
by particle production models based on recombination of
thermal quarks [19]. For the more peripheral bin (lower
panel) the ¢ Rop falls between that of the A and K.

0-5% / 40-60% m,, Cscaling
1 I - T i
'& - pg oY EDDOD&Q g 1 |
g [ gﬁmif;gtiﬂﬂ Ted 0
S o TG
ﬁg L caling A[ 4 5
=
Q 0
E ® (p A KS o A\
Z 10
=
~_ 0-5% / 60-80%
§ Lp R
= oo Tods I o
50 4!;“‘[MIJ L
L vl% ctegg T TH A I Ts .
& ,#' g3il 5 °.d ¢
~ | 5—?9 ® %0 - [u]
o E\JYF? Y !
ke - T
< .
~ 10 o ' P
0 1 2 3 4 5

Transverse momentum P (GeVic)

FIG. 4: (color online) The Rcp of mid-rapidity ¢-mesons
produced in /sy = 200 GeV Au+Au collisions: (top) 0-5%
vs. 40-60% and (bottom) 0-5% vs. 60-80% The shaded bands
represent the uncertainties in the Glauber model calculations
for (Nyin) and (Npart) [33]. Also shown are results for A and
K% [11] and protons and 7* [33].

In the 60-80% centrality bin (see lower, binary collision-
scaled ¢ production is very similar to that in p+p and
d+Au collisions where strangeness production is canoni-
cally suppressed ﬂ@] Therefore a baryon-meson scaling
behaviour of Rop is not expected in the lower panel of
Fig. Ml In addition, for baryons and mesons respectively,
there seems to be an ordering in terms of strangeness
content. This has also been observed in R4 for strange
particles [35].

In summary, we have presented first measurements of
the elliptic flow of ¢-mesons as a function of collision cen-
trality in Au4-Au collisions at \/syn = 200 GeV. At low
pr (< 2 GeV/e), v is consistent with hydrodynamical
expectations. At intermediate pr (2 < pr < 5 GeV/e),
vo of ¢-mesons is consistent with number-of-quark scal-
ing for mesons. These observations indicate the develop-
ment of partonic collectivity in the medium. Measure-
ments of the ¢ pr spectra as a function of centrality
show an evolution of the spectral shape from exponen-
tial to power-law-like with decreasing centrality, reflect-
ing the increasing contributions from hard and possibly
other non-equilibrium processes in more peripheral colli-
sions. The result of a recombination model ﬂ2_1|] is consis-
tent with the trend of the central N(2)/N(¢) ratio up to
pr ~ 4 GeV /c which covers more than 95% of the hadron
yields. At higher pr, the model fails. The ¢-meson Rcp
resembles the K2 for the 0-5%/40-60% case which is con-
sistent with meson scaling. Since ¢-mesons are made
via coalescence of seemingly thermalized s quarks in cen-
tral Au+Au collisions, the observations imply hot and



dense matter with partonic collectivity has been formed
at RHIC.
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